INTRODUCTION
Ants are more abundant and ubiquitous nearly in all types of terrestrial habitats, especially in the tropics (Kaspari, 2000; Fisher, 2010) . They are considered as useful tools for biodiversity evaluation, monitoring purposes, quick response to environmental changes and relative ease of sampling (Kaspari and Majer, 2000; Bestelmeyer et al., 2000; Underwood and Fisher, 2006) . Ants also play key roles in ecological processes namely nutrient cycling, energy turnover, pollination, seed dispersal and regulating populations of other insects (Hölldobler and Wilson, 1990; Andersen and Majer, 1991; Gomezi and Zamora, 1992) . Ants are used as indicators of exposure to environmental stressors (Whitford, 1999; Wang et al., 2000) , whereby their distributions are determined by rainfall patterns and seasonal temperatures (Lindsey and Skinner, 2001; El Keroumi et al. 2012 ). For example, higher abundance and richness values of ants were recorded during the dry season in the Moroccan Argan (El Keroumi et al., 2012) . On the other hand, in the semi-arid Karoo of South Africa, ant abundance and diversity were higher during summer than in winter (Lindsey and Skinner, 2001 ). The effect of seasons was also reported at species level, the common pugnacious ant (CPA), Anoplolepis custodiens Smith (Hymenoptera: Formicidae) was the most abundant species during summer, while Monomorium albopilosum Emery (Hymenoptera: Formicidae) was the most abundant species during winter (Lindsey and Skinner, 2001 ). Apparently, increase of primary productivity is the most important factor, which determines the abundance of ant species at a given area, followed by the temperature and seasonality .
Arboreal ants are partially herbivorous and they consume nectaries and hemipteran honeydew (Davidson et al., 2003; Blüthgen et al., 2004) . More importantly, arboreal ant species of the genus Oecophylla are efficient in controlling insect pests (Hölldobler and Wilson, 1990) . Members are commonly known also as the weaver ants, which consist of two species, the African weaver ant (AWA), O. Longinoda and the green tree ant, O. smaragdina. The distribution of these species depends on the vegetation, physical factors such as temperature and rainfall (directly or indirectly) and the abundance of competitor ant species namely Pheidole megacephala Fabricius and Anoplolepis custodiens Smith (Hymenoptera: Formicidae) (Lokkers, 1986) . The AWA is widely distributed in Sub-Saharan Africa (SSA), particularly in the equatorial tropical forests (Hölldobler and Wilson, 1990; Van Mele and Cuc, 2007) . In East Africa, the AWA is most abundant in the coastal forests of Kenya and Tanzania. More than 80 species of shrubs, cultivated and wild trees are used by AWA as host plants (Varela, 1992) . The AWA plays an essential role in regulating populations of sap-sucking pests in East Africa (Seguni, 1997; Olotu et al., 2012) and West Africa Dwomoh et al., 2009) . In Tanzania, AWA colonies are widely distributed in coconut orchards (Varela, 1992; Seguni, 1997) and cashew orchards in Tanzania (Stathers unpublished; Olotu et al., 2012) . It forms large polydomous colonies consisting of many leaf nests in the crowns of a wide range of host plant species (Varela, 1992) . These host plants supply nectaries that supplement their diets (Way and Khoo, 1991; Blüthgen and Fiedler, 2002) . Preliminary information showed that the abundance of AWA in cashew agro-ecosystem rely on availability of food resources mainly honeydew and the sap-sucking pests, which reaches their peak at the onset of cashew flowering periods (Stathers unpublished; Olotu et al., 2012) .
Despite the importance of AWA in the control of sapsucking insects, there is little information on the effect of seasonality on abundance of AWA in cashew agroecosystem in Tanzania. The present study therefore investigated the abundance of AWA with respect to cashew seasons (cashew on-seasons and off-seasons) in order to design conservation strategies for this useful natural enemy.
MATERIALS AND METHODS

Experimental sites
Experiments were conducted in cashew fields from January to December in 2011 and 2012 at Bagamoyo (S 06° 49.3', E 38° 54.8', 53.43 m.a.s.l) and Kibaha (S 06° 33.4', E 38° 54.7', 150.57 m.a.s.l), Coast region of Tanzania. The mean temperature recorded at Bagamoyo and Kibaha during cashew off-seasons and on-seasons ranged between 30.1-31.2 and 31.4-32.2˚C and that of rainfall ranged between 600-800 and 100-600 mm in 2011 and 2012. The cashew seasons are categorized as the cashew off-season and onseason. The former was considered as the inactive reproductive phase or period of non-flowering, nut set and fruiting, which usually occurs between January and June. The later was considered as the active cashew reproductive phase which is marked by new flushes of shoots and mass flowering followed by fruit and nut development, this reproductive phase usually occurs between July and December.
Quantification of AWA abundance
Abundance of arboreal ants is usually estimated indirectly by counting leaf nests per treeand ant trails on main branches (Peng and Christian, 2006) or counts of ants on selected plant parts (Blüthgen et al., 2004) . Direct methods to count the ants are always disruptive to nest inhabitants, for example the partial opening of nests for enumerative purposes (Peng et al., 1998) . AWA abundance can be considered as the total number of AWA leaf nests per trees and mean percentage of AWA trails on the main branches (AWA colonization). Twenty cashew trees were selected randomly per site. AWA abundance on each tree was quantified as follows: (i) all the leaf nests were carefully counted with the aid of binoculars, and (ii) the total number of main branches with AWA trails was recorded. More than ten AWA walking along a main branch was recorded as one AWA trail. Between one and ten AWA along the main branch was recorded as 0.5 AWA trail (Peng and Christian, 2006) . The individual percentage of AWA trails on main branches was calculated as (i), the mean percentage of AWA trails on occupied trees in the field was calculated as (ii) and the average number of nests per AWA occupied tree was calculated as (iii).
(i) Number of main branches with a weaver ant trail in a tree)/(Number of main branches in the tree) x 100 (ii) Mean AWA trail colonization based on trails per tree was calculated asthe average of AWA colonization per field (iii) Mean number of nests on AWA occupied trees per field was calculated as the sum of all nests counted/20 trees AWA on a tree was treated as 'abundant' when more than 50% of the main branches had AWA trails, or as 'fewer' when less than 50% of the main branches had AWA trails. Twenty cashew trees with abundant AWA were randomly selected per site. Quantification of AWA abundance (that is, leaf nests and trails) was done monthly for two consecutive years.
Data analysis
Count and proportion data were transformed to Log (n+1) before being subjected to statistical analysis. Total number of AWA leaf nests during cashew on-and off seasons was analysed by means 
RESULTS
AWA leaf nests
The nest of AWA is illustrated in Figure 1 ; it is constructed by gluing a single cashew leaf or multiple leaves with larval silk. Numbers of AWA leaf nests per tree in the cashew fields at Bagamoyo and Kibaha varied significantly at P < 0.05 between cashew on-seasons and off-seasons. At both sites more AWA leaf nests were recorded during cashew on-season than during offseason in both 2011 and 2012 (Figure 2 ). For example in 2011, 933 and 903 leaf nests were recorded during cashew on-seasons as compared to 593 and 577 leaf nests during off-seasons at Bagamoyo and Kibaha, respectively (Figure 2 ). The mean numbers of AWA leaf nests per tree varied according to month of the year at both sites: Bagamoyo (F (11,228) = 12.74; P < 0.001) and (F (11,228) = 26.25; P < 0.001) during 2011 and 2012, respectively; Kibaha (F (11,228) = 23.66; P < 0.001) and (F (11,228) = 35.71;P < 0.001) in 2011 and 2012, respectively (Figures 3 and 4) .
AWA trails colonization
Similar to AWA leaf nests, AWA trails colonization was higher during cashew on-seasons than during offseasons in the two cashew fields at Bagamoyo and Kibaha during 2011 and 2012 monitoring periods (Figures 5 and 6 ). For example in 2011, 72.5 and 73.3% trail colonization levels were recorded during cashew onseasons as compared to 54.2 and 50.9% during off- seasons at Bagamoyo and Kibaha, respectively ( Figure  5 ). The AWA trails colonization also varied according to season, with higher mean percentage during cashew onseasons in both sites: Bagamoyo (F (11,228) = 11.76; P < 0.001 and F (11,228) = 18.90; P < 0.001) during 2011 and 2012 respectively; Kibaha (F (11,228) = 24.02; P < 0.001 and F (11,228) = 20.45; P < 0.001) in 2011 and 2012, respectively (Figures 5 and 6 ).
DISCUSSION
The abundance of AWA, expressed total number of AWA leaf nests per tree and their trails on the main branches, was high during cashew on-seasons than during offseasons in the two sites and both years (2011 and 2012) . This was probably due to cashew flowering, which occurs during the dry season of the year (Wait and Jamieson, 1986) . The cashew reproductive season in the studied sites was also reported to prevail between August and December (Olotu et al., 2012) . This could be due to fluctuations in food resource availability between cashew on-seasons and off-seasons. For example, nectar which is considered as an important source of food to arboreal ants is only available during new shoot flushing and flowering periods (Gottlieb et al., 2005; Stone et al., 1999) . Besides this, during the mass flowering, cashew trees provide nectaries for other purposes such as pollination attraction. However, these nectaries have also been reported to attract other insect fauna such as homopteran insects, Coccus hesperidum Linnaeus (Homoptera: Coccidae) and Hilda patruelis Stål (Homoptera: Tettigometridae) (Stathers unpublished). As a result, AWA also tended the homopteran insects for honeydew in cashew crops (Dwomoh et al., 2009; Olotu et al., 2012) .
High abundance of AWA during cashew on-seasons could also be attributed to the occurrence of sap-sucking pests, Helopeltis anacardii Miller, and H. schoutedeni Reuter (Hemiptera: Miridae), and Pseudotheraptus wayi Brown (Hemiptera: Coreidae) during on-seasons. A similar observation was reported in coconut orchards, where an increase in Helopeltis spp. and P. wayi populations coincides with the main growing period of the crop, which begins shortly after the end of the rainy season in July or August, resulting in high abundances of AWA (Seguni, 1997) . AWA abundance could also be associated with more nest building activities for establishment of colonies. Apart from nest building, the major workers are also responsible for foraging and defending the colony (Varela, 1992) . This could be associated to their higher abundance during the cashew on-seasons to meet the demand for expansion of the colonies.
In conclusion, the abundance of AWA varies significantly between cashew on-seasons and offseasons at the different sites of the Coast region of Tanzania. High numbers of AWA leaf nests per tree and high AWA trail colonization were recorded during cashew on-seasons compared to off-seasons. Therefore, conservation of AWA during cashew off-seasons is needed for high AWA abundance throughout the year. Provision of diet supplement especially by the use of fishbased bait and suppression of inimical and competitor ant species such as P. megacephala by sprinkling the granules of hydramethylon bait around the bases of the cashew trees are recommended for strengthening AWA colonies during cashew off-seasons. The use of fish based bait has been reported to be effective in supplementing their diets during seasons when food is scarce (Van Mele and Cuc, 2007) . The suppression of the inimical ant using Hydramethylon ant bait (Amdro®) has been successfully used to control P. megacephala in coconut (Zerhusen and Rashid, 1992; Seguni, 1997) .
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